This study evaluated the microhardness of restorative materials after the use of self-etching and acid-etching adhesives. Specimens were divided into four groups: Group 1 (CR): Composite resin, Group 2 (GIC): Glass ionomer cement chemically activated, Group 3 (EC): Dual resinous cement, Group 4 (E): Dual resinous cement. Each group was divided into three subgroups, according to the type of adhesive system applied on the surface: Subgroup 1 (C): Control subgroup, Subgroup 2 (XE): Xeno III self-etching adhesive, Subgroup 3 (SB): Single bond acid-etching adhesive. Vickers microhardness analysis was performed on the surfaces and the data were submitted to the two-way ANOVA and the Tukey's test. The means for the material factor: GIC: (35.61)a; CR: (43.54)b; E: (44.65)b; EC: (50.13)c. The means for the adhesive factor: SB: (36.35)a; XE: (38.44)a; C: (55.65)b. All materials tested showed a decrease in surface hardness after application of the adhesive systems, irrespective of the system. The lowest microhardness was shown by GIC and the highest by Enforce Core.
INTRODUCTION
Adhesive dentistry began with the development of the acidetching technique by Buonocore 1 in 1955. This technique provided significant improvements in restorative material retention in prepared cavities, allowing more conservative cavity preparations to be made and reducing marginal microleakage. 2 Adhesive systems began to be the most experimented and studied materials in dentistry, since micromechanical adhesion to the acid-etched enamel surface was shown to be very effective. 3 Currently, due to marketing appeal, a trend has been observed towards the development of simple systems that associate the simplification of clinical steps and operating time saving. In 1994, Watanabe 3 et al proposed the use of high concentrations of acidic resinous monomers which, in an aqueous solution, are capable of releasing H + ions and producing etching of the dental structure, at the same time as they penetrate into the substrate. These materials were called self-etching adhesive systems, in which etching of the substratum and its impregnation by resinous monomers occur simultaneously. These adhesive systems involve few operative steps, with the goal of making the adhesive technique faster to save clinical time, and less sensitive, diminishing possible errors, such as bonding imperfections, and extreme acid-etching or drying of dentin. 4 The self-etching technique dispenses the step of separate application of the acid. The acidity of these adhesive solutions comes from the ionization of radicals present in the molecules of the hydrophilic monomer itself, also responsible for impregnating the substrate. However, several questions have arisen with regards to the performance of these adhesive systems, which have recently come onto the dentistry market, and there is little data with regard to their clinical performance and maintenance of stability. Questions about how their compositions interact with the materials involved in the restoration of teeth have not yet been elucidated.
The concentration of H + ions in the aqueous solution of selfetching adhesive systems and the number of ionized radicals are lower in relation to the concentration of H + ions in the phosphoric acid of total-etch adhesive systems. Phosphoric acid is completely removed from the substrate after performing dental demineralization, while the solutions of self-etching systems are not removed and remain in contact with the dental substrate. Nevertheless, this self-adhesive solution can be completely neutralized by the dissolved minerals in tooth structures, 5, 6 but this cannot occur when such solutions are applied on restorative materials for cavity filling, dentin-pulp complex protection, restorative procedures or cementing prosthetic parts.
The choice of the ideal restorative materials for filling the cavity, protecting the dentin-pulp complex, performing the
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restorative procedure or cementation of prosthetic parts, are aspects of restorative dentistry that continue to raise questions. Currently, with the various types of adhesive systems, retention does not depend only on the physical interaction between restorative material and dental substrate. Retention also depends on micromechanical bonding of the adhesive systems and the interaction between these systems with the restorative materials and luting agents. [7] [8] [9] Considering the need to verify whether there is interference in the association between restorative materials and adhesive systems, this study was conducted with the objective of evaluating the in vitro action of self-etching and total-etching adhesive systems on the surface microhardness of composite resin, chemically activated glass ionomer cement (GIC) and two dual resinous cements. The null hypothesis was that the adhesive systems do not interfere in the surface microhardness of the materials tested.
MATERIALS AND METHODS
A prefabricated bipartite Teflon device 2 mm deep and 5 mm in diameter was used to make 120 specimens, which were divided into four groups (n = 30), according to the material used: The specimens of each material were fabricated according to manufacturers' instructions at controlled temperature of 23 ± 2ºC. The materials were included in the matrix in a single increment and a strip of polyester and a glass slide were placed on each material to produce specimens with flat surfaces. For the light polymerized materials, a halogen light device with an intensity of 500 mW/cm 2 (Curing Light XL 3000, 3M Dental Products, St. Paul, MN) was used, with the tip of the light polymerizer unit placed directly onto the polyester strip. For the GIC, the amount of powder necessary to prepare each specimen was weighed in an electronic analytical balance (AS 310; Scientech Inc., Boulder, CO, USA) and mixed to the liquid with a spatula onto an impermeable mixing pad. For all groups, 10 minutes after the inclusion the samples were gently removed from the matrix.
Next, each group was sub-divided into three subgroups (n = 10), distributed according to the type of adhesive system applied on the surface: The technical data of materials used are listed in Table 1 . The subgroup 1 (control subgroup), no type of adhesive system was used. Subgroup 2 received one layer of self-etching adhesive system Xeno III (Dentsply) used in a single step according to the manufacturer's recommendations: Mix of liquids A and B, application and the waiting time of 20 seconds followed by light polymerization for 10 seconds. For subgroup 3, the surface received two layers of the acid-etching adhesive Adper Single Bond (3M ESPE) used in accordance with the The 120 specimens were stored at 37ºC for 30 days, in dark flask to prevent the passage of light, and an 85% relative humidity environment. 10 Next, the analysis was performed using the Vickers Microhardness Digital (FutureTech FM-700, Tokyo, Japan) appliance, with a 50 gm load and dwell time of 15 seconds. The specimen surfaces were subjected to three readings, respectively, to calculate a mean value.
The data were submitted to two-way ANOVA, these being material and adhesive, followed by the Tukey's test. The level of significance adopted was 5%.
RESULTS
The result of the two-way ANOVA is shown in Table 2 . For the factor material, significant differences were obtained as p < 0.05. For the factor adhesive, significant differences were observed to be p < 0.05. For the interaction between material and adhesive factors, significant differences were obtained as p < 0.05.
The microhardness means and results of the Tukey's test for the factors adhesive and material are shown in Tables 3  and 4 . As regards the adhesive factor, the control group showed a significantly higher mean microhardness than the other groups that implemented the acid-etching adhesive system Single Bond, and adhesive and self-etching adhesive system Xeno III. With regard to the material factor, the GIC (Vidrion R) showed the lowest microhardness values, differing statistically from all the tested materials. The dual resinous cement (Enforce Core) showed the highest microhardness values, differing statistically from all the tested materials.
In Table 5 , Tukey's tests were applied for the interaction between the factors material and adhesive. The GIC (Vidrion R) treated with acid-etching adhesive system Single Bond showed the lowest microhardness values and the dual resinous cement (Enforce Core) that did not receive any treatment with adhesive system exhibited the highest microhardness values.
DISCUSSION
The development of the restorative materials in esthetic restorations in which the professional uses for the bonding of inlays, crowns, posts, bridges and orthodontic bands on or in the tooth and as cavity linings, bases or filling materials began a revolution in many areas of restorative dentistry. Restorative material retention in prepared cavities depends on the physical interaction between restorative material and dental substrate (micro-mechanical and chemical bonding). However, the chemical interaction between the adhesive systems and these restorative materials can adversely alter the physical properties. This study investigated a simple, but important question relative to the use of the total-etch and self-etching adhesive systems on the surface microhardness of composite resin, chemically activated glass ionomer cement and two dual resinous cements. The null hypothesis was rejected because the adhesive systems interfered in the surface microhardness of all the tested materials. With regard to the adhesive factor, this study showed that the self-etching adhesive system Xeno III and the totaletch adhesive system Single Bond promoted lower microhardness values that were statistically significant when compared with the control subgroup.
The polymerization reaction of the light-curing of resinbased restorative materials goes on for a certain time after photoactivation. The hardness and the stress resistance of the lightcuring of resin-based restorative materials are directly associated to resinous monomers conversion into polymers. Consequently, the application of the adhesive systems immediately after light curing may undermine the mechanical properties of the restorative materials because after photoactivation, the resin exhibits great difference in microhardness values between the organic and inorganic components. 2 A disadvantage of 'one step' self-etching adhesives is seen in their relatively high water uptake. 11, 12 To the self-etching adhesive systems that involve two components and an application of one step, polar and apolar ingredients of the solution are blended together with a solvent, such as water, acetone or ethanol. 13 The self-etching Xeno III presented water and alcohol in the composition. The water component can prevent the formation of covalent C=C bonds, which may have compromised the post-polymerization of restorative materials, 8, 14 and lowered the surface microhardness in comparison with the control subgroup. The alcohol component can act as resin solvent, 7 softening the composite and releasing powder particles on its surface, 14, 15 which may have affected the surface microhardness of the restorative materials when compared with the control subgroup. Moreover, variations in microhardness were not dependent on the adhesive system used.
Additionally, the manufacturer of the Xeno III stated that its self-etching systems showed high etching efficacy with a pH value of less than 1 (esters of phosphoric acid -Piro-EMA) and the neutralization of acidic components occurs by dissolving calcium hydroxyapatite on the tooth surface. 5, 11 This result may be due to the absence of calcium hydroxyapatite on the material surface to neutralize the acidic components of the self-etching adhesives systems, that can reduce the surface hardness of the materials tested in comparison with the control subgroup that did not use any type of adhesive system.
On the other hand, when a water-containing, ethanol-based adhesive system, such as Single Bond is used, the residual water remaining after ethanol solvent evaporation may interfere with the surface hardness of the materials tested in comparison with the control subgroup. Additionally, Single Bond has pH value 3.6, which is possibly related to the presence of acidic monomers in their compositions.
14 This result may be due the absence of calcium hydroxyapatite on the material surface to neutralize the acidic components of the self-etching and total-etching adhesives systems. 5, 6 For the material factor, this study showed the lowest surface microhardness values for the glass ionomer (Vidrion R). GICs are still considered the only materials that self-adhere to tooth tissue. 3 Chemical bonding is obtained by ionic interaction of the carboxyl groups of the polyalkenoic acid with calcium ions of hydroxyapatite that remained attached to the collagen fibrils. 16 GICs are usually hydrolytically unstable at initial stages of setting (gelation) when exposed to air. If exposed to moisture, GICs can uptake water while essential ions can be lost. Worsening of the mechanical properties can be a consequence of both processes: water loss and/or uptake in early stages of the setting reaction.
2
Vidrion R showed lower microhardness that was statistically significant in comparison with all the tested materials. Because conventional glass ionomer cements are moisture sensitive, a surface coating is recommended during the initial setting stage. Several authors 7, [17] [18] [19] [20] [21] [22] [23] [24] recommend the use of protective agents on the material surface, such as adhesive systems, vaseline and nail varnish, for materials that can be varnished. However, the results of this study showed that the application of total-etching adhesive system Single Bond decreased the surface microhardness of the Vidrion R. This result can be explained by the findings of the Serra 18 et al who claim that the photoactivated adhesive systems do not provide satisfactory protection on the cement surface, probably due to the high angle of contact formed between the adhesive and cement, which could have harmed the bond of these two materials. Therefore, the use of varnishes 21 and nail varnish 20 is more effective and protective against the water solubility of the glass ionomer restorative cements when compared with glaze-resin. However, some authors recommend the use of total-etching adhesive system to protect GICs. Haddad et al 23 (1992) compared the efficiency of protective sealants for glass ionomer cements using liquid scintillation spectrometry. They concluded that the resin component of Scotchbond 2 was a very effective sealant for the newly placed glass ionomer cement, however, when mixing the two components of the Scotchbond 2 adhesive system, results in porosity in the surface of the GIC which allowed the passage of water in the initial stages of setting (gelation) of the material. Watson and Banerjee 24 evaluated the efficacy of three surface protection treatments (copal varnish, unfilled bonding resin and a dentine bonding agent) in preventing water penetration into glass-ionomer cements using confocal light microscopy. They concluded that the dentine
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bonding agent was able to remain adhered to the GIC underlying probably due to its hydrophilic property, forming a continuous barrier to the penetration of water. For the adhesive factor, it was noted that the composite resin (TPH spectrum) and the dual resinous cement Enforce demonstrated lower values that were statistically significant in comparison with the dual resinous cement Enforce Core. However, on analysis of the interaction between the factors (see Table 5 ) for the Enforce and Enforce Core, it was noted that the control subgroup showed higher microhardness that was statistically significant in comparison with the subgroups that used adhesive systems. Initial activation of the dual resinous cement (Enforce Core and Enforce) occurs by means of light polymerization and is finalized by chemical polymerization.
There was evidence to suggest that the composite resin cements were influenced by the compatibility of polymerization modes between adhesives systems and resin composites. 12 Yamauchi 16 and Sanares et al 14 speculated an incompatibility of adhesive systems containing acidic resin monomers with chemical cured resins or dual curing resin cements.
According to Sanares et al, 14 when single-bottle adhesives are used together with chemical-cured composites, there is an interaction of the residual acidic resin monomers from the adhesive inhibition layer with the binary peroxide-amine catalytic components that is commonly employed in chemically cured resin composites. The acidic resin monomers polymerized poorly in the presence of peroxide-amine redox systems, as the tertiary amines were neutralized by the acidic resin monomers and lost their ability as reducing agents in redox reactions. 14, 16 Reactions products may be deposited as globular structures within some of the voids found along the composite-adhesive interfaces. Thus, the dilution of the free radical concentration will result in slow or no polymerization, depending upon the acidity and concentration of the acidic resin monomers. Adequate polymerization is a crucial factor in obtaining optimal mechanical properties to improve the clinical performance of resin composite materials. The hardness and the stress resistance of the composite are directly associated to conversion monomers resinous into polymers.
On analysis of the interaction between the factors (Table 5) , it was observed that TPH spectrum with the adhesive systems Single Bond and Xeno III showed no statistically significant differences when compared with the control subgroup. Lightcured systems utilize photochemical redox systems that also involve the use of tertiary amines.
14 However, the ratio of initiation of free radicals in light-cured systems is much faster than chemical-cured systems. Thus, this study demonstrates that the light-cured composite do not have alterations on surface microhardness when utilized adhesive systems.
The surface hardness can have a negative correlation with the erosion of material, when subjected to chewing loads. 25, 26 The results of this study indicate that the self-etching and conventional acid-etching adhesive systems promoted changes in surface microhardness of the restorative materials, but they behaved in the same way for the conventional acid-etching adhesive, which also showed variation in microhardness in comparison with the control subgroup. It will be of clinical significance to further investigation how these adhesive systems will affect to surface hardness of the restorative materials.
CONCLUSION
The self-etching adhesive Xeno III behaved in the same way for the conventional acid-etching adhesive systems. However, all adhesive systems tested showed decrease in hardness after the application in surface of the GIC (Vidrion R) and dual resinous cements (Enforce and Enforce Core) restorative materials, except to the light-cured composite resin.
